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ATLAS

outline

* the LHC project

e the search of the Higgs boson(s) at the LHC:
detector requirements

 the physics environment

 the ATLAS detector and its physics
performance

 the search of the Standard M odéel Higgs boson

 the search of the M SSM Higgs bosons

e suUmmary
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ATLAS

the LHC prOJect
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Large Hadron Collider: proton-proton collider in the LEP
tunnel.

Main parameters:

e Circumference: . ~27km

e Beam energy at collision point: 7 TeV

e Luminosity: 1x 10*%*cm?st
e Bunch separation: 24.95 ns

e Bunch spacing: 748 m
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ATLAS

Higgs production at LHC
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ATLAS

the Standard Model Higgs ...

The Standard Model Higgs boson branching ratios
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the Higgs boson is *'strongly’” coupled with high-
mass fermions, W- and Z-pair.
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ATLAS

the Standard Model Higgs -2-

The Standard Model Higgs boson is searched for at
the LHC in various decay channels, each channel
being viable only in a specific mass range:

* H - yy direct production; 100 < my < 150 GeV;

« H - yyfrom the associated production WH, ZH
and ttH; 100 < my < 120 GeV;

« H - bb from the associated production WH, ZH

and ttH: 80 < my < 120 GeV;
eH . zZY_ 4 130 GeV <my, <2my ;
eH - ZZ - 4l; 2mz <my < 0.7 TeV;

R \VAVA 04 TeV<my <1TeV,;
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ATLAS @;

...and the MSSM Higgs

In addition to the above signatures, the Minimal
Supersymmetric Standard Model Higgs searches
also require sensitivity to:

e HIA - T7T - en +v's or HIA - U1 = |

+ hadrons+ v’s;
c H*  thv;

A. Nisati, Higgs Searchesat the LHC LNF School, May 15th-18th, 2000



ATLAS

detector requirements

The basic detector requirements are:

* very good electromagnetic calorimetry for
el ectron and photon reconstruction:
e em. energy measurement (H - yy H- ZZ* - 2e2l)

e photon direction (in n) to estimatetheH - yyvertex;
* jet and missing E from calorimetry;

 energy and missing transver se energy measurement (H -
bb,A- tt,H-> ZZ - llvv,..);

o efficient and accurate tracking at nominal
luminosity for:

* precisetrack momentum measurement (all channels);
« b-quark tagging (H — bb, H - zZ" = 41,..);

* vertexing;

« enhanced electron identification;

e stand-alone, accurate muon momentum
measurement; robust and flexible level-1 muon
trigger (many channels of direct and associated
production rely on high pt muon tags);
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ATLAS

physics environment

e small bunch crossing period: T=25ns - fadt,
finely segmented detectors; fast FE electronics.

e High radiation level; sources of radiation at

LHC: particle showers induced by particle

production at the interaction point interacting

with the machine elements and the detector.

Local beam losses and beam-gas interactions.

- heed of aperformant shielding system.

Two important consequences.
a. radiation damage of the detectors and of the

FE electronics — Detectors and Electronics

radiation hard:

b. high occupancy of the tracking systems -
fast, finely segmented tracking detectors;
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Detectors at LHC

Two complementary experimental approachesto
exploit the LHC p-p physics potential:

ATLAS (A Toroidal LHC Apparatus)

 Central Tracker: High-granularity radiation-hard
semiconductor detectors at small radii
complemented by highly redundant system of
small-diameter drift tubesat largeradii (%)
— Pixel detectors+ Slicon strip detectors +
Straw Tubes (the “ TRT detector” );

« EM Calorimeter:fast, radiation-hard system
- Liquid Argon with an “ Accordion” geometry;,

« HAD Calorimeter — Iron + scintillating tiles;

« Muon System: Standal one spectrometer with high
precision momentum measurement down to |n| =
2.7 - largeair toroid spectrometer instrumented
with pressurized drif tubes; independent Level-1
Muon Trigger system based on RPCs and
coincidence logic;

 Magnets: a central solendoid (B=2T) + 3 external
air coretoroids(B~05-1.0T);

(*) with transition radiation detector function
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ATLAS 79}

Detectors at LHC -2-

CM S (Compact Muon Solenoid)

Thedriving idea: a compact, simple apparatus
based on astrong central solenoid (the only magnet
of the spectrometer) surrounded by a high density
calorimeter and an instrumented return yoke for

muon detection.

» Central Tracker: — Slicon Strip detector;

« EM Calorimeter: — rad-hard Crystals (Lead
Tungestanate, Pb\WO,);

« HAD Calorimeter: — Copper + Scintillating Tiles;

* Muon System: — an iron spectrometer based on
the central solenoid return yoke instrumented with
drift tubes (barrel) and Cathode Strip Chambers

(endcap);
e Magnet: one large central solendoid (B=4T);
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Higgs search at Large Hadron Collider

the ATLAS detector

artistic view of the Atlas apparatus
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ATLAS

the CMS detector

CMS

A Compact Solenoidal Detector for LHC
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ATLAS @;

the ATLAS detector physics
performance: the Inner Detector

Transverse momentum resolution (muons):

oPT) 0013

1036 pt (pTi nTeV)

Pt .Jsind
- _
2004 |
= i
=003 —

o
£ B
R n
$0.02 |—
a |
3 i
|— [
001 [—
O_III|III|III|III|III

0.02 0.04 0.06 0.08 0.1
Transverse momentum , TeV

A. Nisati, Higgs Searchesat the LHC LNF School, May 15th-18th, 2000



ATLAS @;

the ATLAS detector...-2-

transverse impact parameter accuracy:
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ATLAS

electron reconstruction

EM calorimeter granularity: three samplings: 1) An x
A@=0.003x0.1 2) 0.025x0.025 3) 0.05x0.025.
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ATLAS @;

photon reconstruction

photon energy resolution: see electron energy
resolution;
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ATLAS

the Muon System

muon identification:

In ATLAS the muon can beidentified and measured:
* by the external muon system

* by thecombined central tracker and calorimeter systems
(m.i.p. signaturesfor isolated muons).

The Monitored Drift
Tube chamber
Instrumentsthe high
precison ATLAS muon

Cross plate SpeCt rometer.
Multilayer
In-plane alignment
Longitudinal beam
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ATLAS

the muon trigger

2 2000f re =7 = Distinct feature of ATLAS:

& 1750} == s | evel-1 Muon Trigger based
1500} on a dedicated fast system.
= Instrumentation: Resistive
o Plate Chambers (RPC) in
thebarrel region and Thin
Gap Chambers(TGC) inthe
endcap region.
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Selection efficiencies for prompt muonsat L evel-1 and
Level-2 (LFAST). The Level-2 efficiency accounts for
the efficiency from Level-1.
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ATLAS

muon reconstruction
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ATLAS

tau reconstruction

the tau identification is based on the low particle
multiplicity produced in the decay and on the small
size of thejet radius:

1. Rgm: thejet radius

4 2 2
3B NG (6 —0g 9

Remz':1

n
DI
i=z1 !

2. AET12: thefraction of transverse energy in the EM and HAD
calorimeterspresent in aregion 0.1 < AR < 0.2 around the
centre-of-gravity of the cluster;

3. Ny, : the number of high-pt tracks pointing to the calorimeter
cluster within AR=0.3.
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ATLAS

tau reconstruction -2-

Rem distribution for 1-jets (left) with different pt (15-30; 30-70;
70-130 GeV) and for QCD jets(right).
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ATLAS

b-jet tagging

Theflavour tagging of b-jetsisimportant because allowsthe
reconstruction of signal eventssuch asH — bb and therejection
of background eventssuch asZbb - 4l.

Strategy:

1.look for trackswith significant impact parameter to
the pp vertex;

2.100k for (soft) electronsand muons.
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L eft: Signed impact parameter, normalized to itserror, for b-
jets (solid) and u-jets(dasned).

Right: Background regection as afunction of b-jet efficiency.
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ATLAS

H - yy

e rare decay mode; appropriate for m; < my <150
GeV,

* physics background:
e Irreducible:

- Borngg- vy
- box gg - vy
- quark bremsstrahlung
* reducible:
- pp — jet-jet and pp — y-jet in which one or
both jets are misidentifed as photons;

- Z - eedecayswhere both electrons are
mistaken as photons;

e _, Severerequirements on EM calorimeter:
excellent energy and angular resolutions needed,;

However, at present my > 107 GeV from LEP2
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ATLAS

H - yy(@©

e |rreducible background - o=1 pb/GeV for
my=100 GeV;

» Reducible background - jet-jet o = 2 x 10° pb/
GeV; full dector ssimulation of large jet-jet event
samples showed that this background can be
reduced to ~ 2/5 of theirreducible one (ATLAYS).

e Observability of theH - yysignal (direct and associated
production) for 120 < my < 140 GeV. The expected number of
eventsin the mass window, chosen to bemy + 1.40, are glven for
L=100 fb L. The signal signifi cances are given for L=100 fb! (at

nomina lumin.) and L=30 fb* (at low lumin.).

my, GeV 120 130 140
signal, direct

1190 1110 915
;ﬂ”‘i"ﬂg\)’VH’ 93 76 58
Yy back. 29000 24700 20600
jet-jet back. 4600 4100 3550
y-j et back. 5800 4900 4100
Z . ee - - -
Stat. sign.
for 100 fb'L 6.5 6.5 5.8
Stat. sign.
for 30 fbrlL 3.9 4.0 3.5
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ATLAS

H - yy@)
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ATLAS

H - bb

If my <2myy -->H - bbdominat decay mode
(B.R. ~ 90%).

Direct production: QCD two-jet background too
large: search not possible.

The search in the associated channels (W,Z,tt) is
possible, but rather difficult.

Main physics background, for example, to the ttH channel:
° tt)]

o ttZ

e W+jets

| nvariant mass distribution of
tagged b-jet pairsin fully
reconstructed ttH events (my=100
GeV) above the background, for - _|_

L =100 pb™L. The pointswith the ! 1
error barsrepresent theresultofa  w | ‘l‘ < _|_

Events/ 16 GeV

single experiment and the dashed L ‘I‘
line shows the background 1 ‘H'
distribution. Ty \++\Jr\+

: : . [/ Tt
Theextraction of aHiggssignal S ‘ ‘ -ty
from thettH process, withH -  ° o 100 200 S

bb, appear s feasable aslong as
the two top decays are fully reconstructed with high efficiency:
— excellent b-tagging capability is demanded.
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ATLAS

H . zz"Y _ 4

* The best channel to search for the SM Higgsin
the mass range ~130 < my < 2my;

« TheB.R. Islarger than B.R. (H - y}) and
Increases with my up to 2myy;
« Background:

e [rreducible -

- pp - ZZ*; pp » Zy*;
* Reducible-

- pp - tt; Zbb

o ITri gr: two leptons with p+>20 GeV and
Ni<<.o;

e Offline selection:

* two additional leptons with p+>7 GeV and
In|<2.5;

e invariant mass of one pair of leptons
(appropriate charge and flavour) compatible
with the Z mass; invariant mass of the other
pair larger than 15 GeV.
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ATLAS

H . zzY _ 4
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Signal and background rates after all selectlon cuts and signal
significances as a function of my,. L=100 fb!

M,
Gev | 120 130 150 170 180
Sgna | 10.3 28.7 67.6 191 | 497
it 0.05 0.10 0.13 0.12 0.12
Zbb | 053 0.79 114 1.01 1.02
77+ | 353 6.36 7.03 7.54 7.61
zz>wll | 033 0.51 0.62 020 | 006
Sgnifi-| 38 10.3 22,6 5.3 16.7
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ATLAS

H - ZZ - 4l

e The best channel to search for the SM Higgsin
the massrange 2m, < my < 700 GeV (“Gold
Plated Channel”): Easy detection/discovery up
to~my = 700 GeV

« Background:

e |rreducible -

- pp - ZZ; pp - ZY*;
* Reducible -
- 1t ...

o il'ri Ee)r: two leptons with p+>20 GeV and
ni<<.5;

e Offline selection:

* two additional leptons with p+>7 GeV and
In|<2.5;

e Invariant mass of both pair of leptons
(appropriate charge and flavour) compatible with
the Z mass;
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ATLAS

H - ZZ - 4l

15 15

fLdt=10fb"
(no K-factors)

fLdt=10fb"
(no K-factors)

Events/7.5 GeV
Events/7.5 GeV

=
o

L | Al

200 400 200 400
m,, (GeV) m, (GeV)

Expected H - ZZ - |l signal for mH 300 GeV and
for an integrated luminosity of 10 fbL. Thesignal is
shown on top of the ZZ continuum before (left) and
after (right) the prmax(Z4,Z,) cut isapplied.

Higgs discovery can be made with 10 fb!,
equivalent to 1 year datataking at low luminosity.
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ATLAS

H - WW - |vjj

For Higgs masses of the order of 1 TeV the signal
rate of thechannel H - ZZ - 4l istoo small;

the Higgs decay inthechannel H - WW - |vj;
Increases the rate by afactor ~ 150 and makes
possible the Higgs observation; additional channel
Is H- ZZ - lljj.

production mechani+sm: WW/ZZ fusion:
qq - qgH - qqW™W™ - qg+lvj)

background:

e pp - W +jets — lv +]ets; potentially isthe largest source;
suffersfrom theoretical uncertainties (higher-order
corrections);

e pp - tt - Ivjjbb;
* pp - WW - Ilvjj (continuum); low rate but irreducible
background.

Signal reconstruction:

« ahigh-pt central lepton (|n|<2);

lar ge missing transver se ener gy from escaping neutrino;

two central high-pt jetsfrom the second W decay in hadrons;
two low-pt tag jetsin the forward region;

low hadronic activity in the central region except W - |j.
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ATLAS

H & WW - Ivjj -2-
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ATLAS

overall sensitivity to the SM Higgs

searches
a i
c ® H-yy+ WHttHMH - vy)
K m ttH(H - bb)
= A H - zz® . 4l
S, H - ww® - vy
D 1021 H - ZZ - llw
B - e H - WW — Ivjj
%) - — Total significance
n I
10
i ATLAS
I [L dt=100fb™
(no K-factors)
1 ‘ |
2 3
10 10
m,, (GeV)

ATLAS sengitivity for the discovery of a Standard Model Higgs
boson. The statistical signficances are plotted for individual
channelsaswell asfor the combination of all the channel
assuming integrated luminosity L=100 fb™t.
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ATLAS

LEP and SM limits (preliminary)

6
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Expected ultimate L EP limit on the Higgs mass:
my > 115 GeV
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ATLAS

Minimal Supersymmetric
Standard Model Higgs

Complex investigation: two charged (H*) and three
neutral (h, H, A) physical states. At tree level all
Higgs-boson masses and couplings can be
expressed in terms of two parameters only;
usually: m, and tanf3.

Two different scenarios:

o If Susy particle masses are large, Higgs-boson
decays kinematically allowed only in SM
particles:

e H/A - tt,u4;  A- Zh; H- hh;

* in case of light Susy particles the SM decay
modes can be suppressed in favour of decaysto
charginos and neutralinos.
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the MSSM Higgs

S T Two loop prediction for m, asa
s | tan=30.0 function of m, and for tanf = 1.5,
E‘loo B tanﬁ:w """"""" 3, 30 in the minimal mixing
e scenarios
07\\‘\\\\‘\\\\‘\\\\‘\\\\
oo ey channelsuseful for MSSM
Higgs detection:
h,H A - vy
e tth, h— bb
eH - 7z . 4
e HIA - 1T, pp, tt
i H/A — bB
e H_- hh
e A .. Zh

¢ Hi — CS, Hi—> V.
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ATLAS

H/A - TT

Inthe MSSM H/A - 1t rates are strongly enhanced over a
large region of the parameter space. For example, at large
tan3 values the production is dominated by the associated
production of bbH and bbA with B.R.(H/A - 11)=10%.

Standard Model H — 1t not expected to be observable at the LHC
because unfavourable signal/background.

Background:
e irreduciblepp- Z+X - 11+..;
e QCD processes: tt, bb, and W+jets.

Trigger; based on the leptonic decay of one of the tau
leptons: one isolated e/ with pr>24 GeV, [n[<2.5

offline selection:
» focusthe analysison lepton-jet events (rate from lepton-

lepton issmall)

T-jet Et>40 GeV, |n|<2.5;

ELMISS> 18 GeV;

transver se mass mT(Iepton-ETmiS% <25GeV,

1.8 < A@(t-jet - lepton) < 4.5 (excluding the region 1140.25)
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H/A - TT -2-

The massreconstruction of t-jet pairsrequiresthe estimate of
thetau lepton energy: potential problem because the neutrinos
In the event are undetected. Thisdifficulty can be overcome
with the measurement of Et™ and with a few reasonable
assumptions:

1. assume that there are only three neutrinos in the event (two with
same direction of flight from the leptonic decay and one from the
hadronic decay);

2. assume that the direction of the neutrino system in each of the two
taus coincides with the detected products;

3. assume that m=0.

The mass resolution that can be achieved is Am/m = 10%.

Events/6.5 GeV
3
o
|_\
38

8

o
T T T ‘ T T T ‘ T T T ‘ ]
Events/6.5 GeV

50

200

s J | L \“‘++ +

0 - - = JdL _ u‘;;

200 400 600 200 400 600
m_. (GeV) q m,. (GeV)

direct (left) and associated (right) H+A signa shown on top of the
total background (yeIIow area) for three my/A values: 150, 300 and
450 GeV; L=30fb!
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A - Zh

* Particularly interesting because it correspond to the

simultaneous observation of two Higgs bosons.

* Dominant A-boson decay mode for low tanf3 values and

for my+my < mjy < 2m.

* Possible final states useful for signal detection:

« A — Zh - bbbb; offersthelargest signal rate but it does

requireafour-jet trigger with ETthresh. =40 GeV.

« A - Zh - llbb; can beeasily triggered; good signal rate.

e A - Zh - llyy, better kinematic constraintsin the final state

but expected ratestoo low.

The expected signal+background
distribution for llbb invariant 100
mass for my =300 GeV and

Events/5 GeV

5

o
\\\\‘\\\\‘\\\_.w

tanB= 1(mh—71 GeV) and for L= ﬂN I
30fbt. * Ty
*Hﬁ
OH*“WH# oo
200 300 400 500
m,,, (GeV)
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overall sensitivity to the MSSM

-
o 40
i
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> O OO NOOWOWOo

Higgs searches

t=>bHY, H >y ATEAS
k— h—>yy and SLdt=300 fb

Wh/tth, h —>yy

tth, h—> bb

A/H = 171

LEP2
Vs = 200 GeV
SLdt = 200 pb™"*

LEP2
Vs = 189 GeV

SLdt = 175 pb”’

A/H —> tt

{

200 250 300 350 400 450 500

M, (GeV)

ATLAS sensitivity for thediscovery of aMSSM Higgsboson (in
the case of the minimal mixing). The 50 discovery contoursare
shown in the (mA, tan3) plane for individual channelsand for
an integrated luminosity L=300 fb™X. Alsoincluded isthe
expected ultimate LEP2 limit (for L=200 pb™! per experiment).
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Summary

e the LHC machineand the ATLASand CM S
detectors have alarge potential in the
Investigation of one of the key questions of
physics: theorigin of electroweak symmetry-
breaking.

e |f a Standard Model Higgs boson exists,
discovery over the full massrange, from the
LEP2 limit to the TeV mass scale, will be
possible after <2 yearsrunning at low
luminosity.

| n case of the M SSM Higgs bosonsthe full
parameter space in the conventional (my,
tan[3) space can be covered with an integrated
luminosity of about 100 fb2.
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